Generation of Hoxc13 knockout pigs recapitulates human ectodermal dysplasia-9.
Atrichia and sparse hair phenotype cause distress to many patients. Ectodermal dysplasia-9 (ED-9) is a congenital condition characterized by hypotrichosis and nail dystrophy without other disorders, and Hoxc13 is a pathogenic gene for ED-9. However, mice carrying Hoxc13 mutation present several other serious disorders, such as skeletal defects, progressive weight loss and low viability. Mouse models cannot faithfully mimic human ED-9. In this study, we generated an ED-9 pig model via Hoxc13 gene knockout through single-stranded oligonucleotides (c.396C > A) combined with CRISPR/Cas9 and somatic cell nuclear transfer. Eight cloned piglets with three types of biallelic mutations (five piglets with Hoxc13c.396C > A/c.396C > A, two piglets with Hoxc13c.396C > A/c.396C > A + 1 and one piglet with Hoxc13Δ40/Δ40) were obtained. Hoxc13 was not expressed in pigs with all three mutation types, and the expression levels of Hoxc13-regulated genes, namely, Foxn1, Krt85 and Krt35, were decreased. The hair follicles displayed various abnormal phenotypes, such as reduced number of follicles and disarrayed hair follicle cable without normal hair all over the body. By contrast, the skin structure, skeleton phenotype, body weight gain and growth of Hoxc13 knockout pigs were apparently normal. The phenotypes of Hoxc13 mutation in pigs were similar to those in ED-9 patients. Therefore, Hoxc13 knockout pigs could be utilized as a model for ED-9 pathogenesis and as a hairless model for hair regeneration research. Moreover, the hairless pigs without other major abnormal phenotypes generated in this study could be effective models for other dermatological research because of the similarity between pig and human skins.